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(54) Transmission fluid compositions 



(57) A composition comprising of an oil of lubricating 
viscosity ;a shear stable viscosity modifier; at least 0.1 
percent by weight of an overbased metal salt; at least 
0.1 percent by weight of at least one phosphorus com- 
pound; and 0.1 to 0.25 percent by weight of a combina- 
tion of at least two friction modifiers provides an im- 
proved fluid for continuously variable transmissions. At 



least one of the friction modifiers is selected from the 
group consisting of zinc salts of fatty acids having at 
least 10 carbon atoms, hydrocarbyl imidazolines con- 
taining at least 12 carbon atoms in the hydrocarbyl 
group, and borated epoxides. The total amount of the 
friction modifiers is limited to those amounts which pro- 
vide a metal-to-metal coefficient of friction of at least 
about 0.120 as measured at 110°C by ASTM-G-77. 
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Description 



^2KSE£r"" lo oc ™ posi,ions use,ul as Ms ™ nu * and — - «* •» «■ 

S, 5™ , " nu "« l »/ ariab te Irsrrsmiseidns (CVT) represent a radical departure Irom conventional automate trana- 

nn^tiL th h P yS fUnS 3 b6lt ' Wh ' Ch consis,s of a set of metal ele ™nts held together by metal bands In 

anc ^output shafts " """" ° f ° Perati ° n Perm ' ,S C ° n,inU ° US ad i UStment of **" between the input 

f^L" haS 1 b H eCOme f Clear f rom commercial use of the CVT that the fluids used in the CVT are just as imoortant as 

as zinc salts of P Lsphorc2ithioic acS ' ' Pr ° V ' de Pr ° ,eC,i ° a The Z ' nC SaltS are norma »V «** 

mixture of friction modifiers, a'nd 22^3^^^^ " ^ ^ 3 ^ ^ °' 

SUMMARY OF THE IMVFMTiriM 

[0007] The present invention provides a composition comprising: 

(a) a major amount of an oil of lubricating viscosity 

(b) a viscosity modifying amount of a shear stable viscosity modifier 

skjsk; overbased me,ai sa,t - wherein said ° verbased sa » « * *> 

(d) at least 0.1 percent by weight of a phosphorus compound- and 

ss3:r™«r, :; i^rsr ai ieas ' <** * saw — 

hydrocarbyl imidazolines containinn «mL«mo ? ty aC ' dS haV ' ng at least 10 carbon a, °™, 
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[0008] In another embodiment, the invention provides a composition comprising: 

(a) an oil of lubricating viscosity; 

(b) 2 to 20 parts by weight of a shear stable viscosity modifier; 
5 (c) 0.2 to 1 .5 parts by weight of an overbased metal salt; 

(d) 0.14 to 0.25 parts by weight of at least one phosphorus compound; and 

(e) 0. 1 5 to 0.3 parts by weight of a combination of at least two friction modifiers, at least one of said friction modifiers 
being selected from the group consisting of zinc salts of fatty acids having at least 10 carbon atoms, hydrocarbyl 
imidazolines containing at least 12 carbon atoms in the hydrocarbyl group, and borated epoxides; the amount of 

io the friction modifier from said group being at least 0.03 parts by weight. 

[0009] The invention also provides a method for lubricating a transmission, including continuously variable transmis- 
sions of various types, comprising adding thereto the foregoing composition. 

is DETAILED DESCRIPTION OF THE INVENTION 

[0010] Various preferred features and embodiments will be described below by way of non-limiting illustration. 
[0011] The first component of the present invention is an oil of lubricating viscosity which is generally present in a 
major amount (i.e. an amount greater than 50% by weight). Generally, the oil of lubricating viscosity is present in an 

20 amount of greater than 80% by weight of the composition, typically at least 85%, preferably 90 to 95%. Such oil can 
be derived from a variety of sources, and includes natural and synthetic lubricating oils and mixtures thereof. 
[001 2] The natural oils useful in making the inventive I ubricants and functional fluids include animal oils and vegetable 
oils (e.g., lard oil, castor oil) as well as mineral lubricating oils such as liquid petroleum oils and solvent treated or acid- 
treated mineral lubricating oils of the paraffinic, naphthenic or mixed paraffin ic/naphth en ic types which may be further 

25 refined by hydrocracking and hydrofinishing processes and are dewaxed. Oils of lubricating viscosity derived from coal 
or shale are also useful. Synthetic lubricating oils include hydrocarbon oils and halo-substituted hydrocarbon oils such 
as polymerized and interpolymerized olefins (e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, 
chlorinated polybutylenes, etc.); poly(l-hexenes), poly-(l-octenes), poly(1 -decenes), etc. and mixtures thereof; alkyl- 
benzenes (e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)-benzenes, etc.); polyphe- 

so nyls (e.g., biphenyls, terphenyls, alkylated polyphenyls, etc.); alkylated diphenyl ethers and alkylated diphenyl sulfides 
and the derivatives, analogs and homologs thereof and the like. 

[0013] Alkylene oxide polymers and interpolymers and derivatives thereof where the terminal hydroxyl groups have 
been modified by esterification, etherification, etc., constitute another class of known synthetic lubricating oils that can 
be used. These are exemplified by the oils prepared through polymerization of ethylene oxide or propylene oxide, the 

35 alkyl and aryl ethers of these polyoxyalkylene polymers (e.g., methyl-polyisopropylene glycol ether having an average 
molecular weight of about 1000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1.000, diethyl 
ether of polypropylene glycol having a molecular weight of 1 000-1 500, etc. ) or mono- and polycarboxylic esters thereof, 
for example, the acetic acid esters, mixed C^q fatty acid esters, or the C 13 Oxo acid diester of tetraethylene glycol. 
[0014] Another suitable class of synthetic lubricating oils that can be used comprises the esters of dicarboxylic acids 

40 (e.g., phthalic acid, succinic acid, alkyl succinic acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, 
sebacic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acids, alkenyl malonic acids, 
etc.) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, 
diethylene glycol monoether, propylene glycol, etc.) Specific examples of these esters include dibutyl adipate, di 
(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctylazelate, diisodecyl azelate, dioctyl phthalate, 

45 didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the complex ester formed by re- 
acting one mole of sebacic acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid and the 
like. 

[0015] Esters useful as synthetic oils also include those made from C 5 to C 12 monocarboxylic acids and polyols and 
polyol ethers such as neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc. 

50 [0016] Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and silicate oils 
comprise another useful class of synthetic lubricants (e.g., tetraethyl silicate, tetraisopropyl silicate, tetra-(2-ethy!hexyl) 
silicate; tetra-(4-methyl-hexyl)silicate, tetra-(p-tert-butylphenyl) silicate, hexyl-(4-methyl-2pentoxy)disiloxane, poly(me- 
thyl) siloxanes, poly(methylphenyl)siloxanes, etc.). Other synthetic lubricating oils include liquid esters of phosphorus- 
containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane phosphonic acid, etc.), polymeric 

55 tetrahydrofurans and the like. 

[0017] Another class of oils is known as traction oils, which are typically synthetic fluids containing a large fraction 
of highly branched or cycloaliphatic structures, i.e., cyclohexyl rings. 

[0018] Unrefined, refined and rerefined oils, either natural or synthetic (as well as mixtures of two or more of any of 
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these) of the type disclosed hereinabove can be used in the lubricants of the present invention. Unrefined oils are 
those obtained directly from a natural or synthetic source without further purification treatment For example a shale 
oil obtained directly from retorting operations, a petroleum oil obtained directly from primary distillation or ester oil 
obtained directly from an esterification process and used without further treatment would be an unrefined oil Refined 
oils are similar to the unrefined oils except they have been further treated in one or more purification steps to improve 
one or more properties. Many such purification techniques are known to those skilled in the art such as solvent extrac- 
tion secondary distillation, acid or base extraction, filtration, percolation, hydroprocessing, hydrocracking, and hydrot- 
reating^ Rerefmed oils are obtained by processes similar to those used to obtain refined oils applied to refined oils 
which have been already used in service. Such rerefined oils are also known as reclaimed or reprocessed oils and 

re i addlt,onal| y Processed by techniques directed to removal of spent additives and oil breakdown products 
[001 9] In one embodiment, the oil of lubricating viscosity is a poly-alpha-olefin (PAO). Typically, the poly-alpha-olefins 
are derived from monomers having from 4 to 30, or from 4 to 20, or from 6 to 16 carbon atoms. Examples of useful 
PAOs include those derived from 1 -decene. These PAOs may have a viscosity from 2 to 1 50 
[0020] Preferred base oils include poly-cc-olefins such as oligomers of 1 -decene. These synthetic base oils are hy- 
drogenated resulting in an oil of stability against oxidation. The synthetic oils may encompass a single viscosity range 
or a mixture of h.gh viscosity and low viscosity range oils so long as the mixture results in a viscosity which is consistent 
wrth the requirements set forth below. Also included as preferred base oils are highly hydrocracked and dewaxed oils 
These petroleum oils are generally refined to give enhanced low temperature viscosity and antioxidation performance 
Mixtures of synthetic oils with refined mineral oils may also be employed 
*> [0021 ] It is important, for optimum utility in a CVT application, that the composition exhibit welWefined and shear- 
?n o 05 '!)' parameters ' ln Particular, the composition should have a Brookfield viscosity at -40°C of less than 
20,000 cP as determined by ASTM-D-2983, preferably less than 1 5,000 cP, and more preferably less than 10.000 cP 
The low temperature viscosity is largely a function of the nature of the oil of lubricating viscosity, along with proper 

2S SSS rr OS,,y Pr ° Per SeleCti ° n ° f ' OW viscosi * oils can aid in meeting this parameter P ' 

[0022] The compositions of the present invention should likewise have a defined and stable high temperature vis- 
cosity preferably, an initial kinematic viscosity of 7 to 8 cSt when measured at 100°C. This viscosity is obtained by 
selection of an appropriate viscosity modifier as described below. Moreover, the viscosity modifier should be a shear 
stable viscosity modifier such that the kinematic viscosity of the composition is not less than 6.5 cSt, preferably 6 7 

30 MoT T 5 V * 1 °°° C Wh6n meaSUred after 3 20 h0Uf Ta P ered Bearin 9 Shear T <^. DIN 51 350, part 6 
[0023] The second component of the present invention is a shear stable viscosity modifier ("VM," also referred to as 

Hvdrr^ 

22££Tl£5 ? P T U,6neS ' P^^^PVlene) copolymers, and polymers of styrene with butadiene 
1 X™i / , GSterS °' s,vrene/maleic hydride polymers, esters of styrene/maleic anhydride/acr- 

isonrpn " eS , ° m ^ *W™<P<°P*™ copolymers from Exxon and Texaco; polysO 

EST ■ h m6rS She " ; S, y rene/maleic esters Lubrizol, and styrene/butadiene polymers from BASF 
ofslrln^nH ITT T nt '° n Pr6ferred VM iS a " aCfy,a,e - 0r ^hacrylate^ontaining copolymer or a copolymer 
tZnf l t , 7 a, l Unsa,urated carbox y |ic acid ««* as styrene/maleic ester (typicaly prepared by esLi- 
cation of a styrene/maleic anhydride copofymer). Preferably the viscosity modifier is a polymethacrylate viscosi^mcd- 

arouo; Th S? ViSCOSi 'r m ° difierS PreparGd f r ° m miXtUreS ° f methaCr y ,ate monomers h^hgSntaS 
wZ a lit y 9f °, UP f S bS ei,her Strai9ht Ch3in ° r branCh6d Chain W conta ^in9 from 1 to 1 8 carbon atoms 
Irtii Jr^fJ f " ltr °9 en - containin 9 ™"°™r is copo«yme ri zed with alky, methacrylates, dispersanc fpZ 

TZ nTT mCOrporated Int0 the P roduct - Thu *. ^ch a product has the multiple function of viscosity modificat on 
« ^^^SST ^ "'f SUCh Pr ° dUCtS b6en ref6rred 10 in ,he art as d -PersantVet co ij 

ZSS^^S^^T^ m0dif ' erS - Viny ' Pyridin9, Pyrr0,id ° ne and N-N'-cfimethyLinoethyl 

methaciylate are examples of nitrogen-containing monomers. Polyaciylates obtained from the polymerization or co 
p^ymenzation of one or more alky, acrylates also are useful as viscosity modifiers. It is pmJSZE^^ 
modifier of the present invention is a dispersant viscosity modifier. viscosity 
[0025] Some of the nitrogen-containing dispersant viscosity modifiers of the present invention can be prepared bv 
so a process comprising reacting, in the presence of a free radical initiator, P P Y 

wi 5 ht°t t0 " 9% ^ W »T' Pre,Srably 75 10 "' 5% by Wei9ht " more P referab| V 90 t0 often 80 to 99% by 
whr^ 

- TeZr ZlZ Z COnta ' n 31 ,eaSt 6 C3rb0n at ° mS ' Pr6ferab,y 31 ,9aSl 8 Carb ° n at ° mS ' * 

(B) 0.1% ,o 45% by weight, preferably 0.5 to 25% by weight, often 0.5 to 20% or 0.5 to 10% often 1% to 20«y 

sTcted r 1 1 ,0 1 ° % ' and " emb0dirnen, 1 5 ,0 8% by W6iah( of at ,east one nitrogen<onta nU ninome; 
se.ec.ed from the group cons.sting of vinyl substituted nrtrogen heterocyclic monomers, dllkylaminoalkyl achate 



4 



EP0 987 311 A2 



monomers, dial ky lam in oa Iky I acrylamide monomers, N-tertiary alky I. aery lam ides, and vinyl substituted amines, 
provided that the total of the percentages of (A) and (B) equals 100%. The reaction is optionally conducted also 
in the presence of a chain transfer agent. 

5 [0026] In a preferred process, monomer (A), the free radical initiator, and the chain transfer agent, if any, are first 
combined to form a mixture, whereupon 10% to 80% of said mixture is mixed with monomer (B), heating 20% to 100%, 
often 20% to 80%, more often 30% to 60%, and in one preferred embodiment 100%, of the resulting mixture until an 
exotherm is noted, then, while maintaining reaction temperature, first adding the balance, if any, of the mixture of 
monomers (A) and (B) over 0.25 hour to 5 hours followed by addition over 0.25 to 5 hours of the remaining mixture of 

10 monomer (A) and initiator, and then optionally adding additional initiator as may be required, whereupon the reaction 
is continued to completion. 

[0027] Any combination of. the foregoing ratios of reactants is useful provided the total percentages equals 100%. 

(A) The Alkyl Acrylate Ester Monomer 

15 

[0028] As stated hereinabove, the nitrogen-containing copolymer comprises units derived from (A) alkyl acrylate 
ester monomers containing from 1 to 24 carbon atoms in the ester alkyl group. At least 50 mole % of such monomers 
contain at least 6, preferably at least 8, carbon atoms in the ester alkyl group. Often (A) comprises a mixture of ester 
monomers, having (a) 5% to 75% by weight, preferably 30% to 60% by weight of alkyl acrylate ester monomers con- 

20 taining from 1 to 11 carbon atoms in the ester alkyl group and (b) 25% to 95% by weight, preferably 40% to 70% by 
weight of alkyl acrylate ester monomers containing 12 to 24 carbon atoms in the ester alkyl group, provided that, as 
stated above, at least 50 mole % contain at least 6 and preferably at least 8 carbon atoms in the ester alkyl group. In 
an especially preferred embodiment, the alkyl acrylate ester monomers comprise alkyl methacrylate esters. 
[0029] In one particular embodiment, monomer (A) comprises at least 5% by weight of alkyl acrylate esters having 

25 4 to 11 carbon atoms in the ester alkyl group. In another embodiment, monomer (A) comprises 5% to 40%, often 10% 
to 40% by weight, alkyl acrylate esters having 1 to 4 carbon atoms in the ester alkyl group. In still another embodiment, 
monomer (A) comprises 60% to 90% by weight of alkyl acrylate esters having 9 to 11 carbon atoms in the ester alkyl 
group. 

[0030] In one preferred embodiment, monomer (A) consists essentially of C 12 . 24 , often C l2 _ 18 , and frequently C 12 _ l5 
30 methacrylates. 

[0031] The acrylate ester monomers can be prepared by conventional methods well known to those of skill in the 
art. A variety of procedures are described in considerable detail in the section entitled "Acrylic and fvlethacryltc Ester 
Polymers" in the Encyclopedia of Polymer Science and Engineering, Vol. 1, pp. 247-251, Wiley-lnterscience, New York 
(1985). Many alkyl acrylate esters are commercially available. Suppliers include, Rohfvlax; San Esters Corp., with 
35 offices in New York, New York; Mitsubishi Rayon Co. Ltd., Polysciences, Inc., Warrington, Pennsylvania; Sartomer Co., 
Exton, Pennsylvania; and others. 

(B) The Nitrogen-Containing Monomer 

40 [0032] The nitrogen-containing copolymers of this invention also comprise units (B) comprising at least one nitrogen- 
containing monomer selected from the group consisting of vinyl substituted nitrogen heterocyclic monomers, dialkytami- 
noalkyl acrylate monomers, dialkylaminoalkyl acrylamide monomers, N-tertiary alkyl acrylamides, and vinyl substituted 
amines. 

[0033] In one embodiment, the nitrogen-containing monomer is an N-vinyl substituted heterocyclic monomer. Exam- 
45 pies of such monomers include N-vinyl imidazole, N-vinyl pyrrolidinone and N-vinyl caprolactam. In another embodi- 
ment, the vinyl substituted heterocyclic monomer is vinyl pyridine. In yet another embodiment, the nitrogen-containing 
monomer is a N,N-dialkylaminoalkyl acrylamide or acrylate wherein each alkyl or aminoalkyl group contains, independ- 
ently, 1 to 8 carbon atoms. In a further embodiment, the nitrogen-containing monomer is a tertiary-alkyi acrylamide, 
preferably tertiary butyl acrylamide. 
so [0034] In one embodiment the dispersant viscosity modifier is prepared by polymerizing 57.5 parts methyl methacr- 
ylate, 12.7 parts butyl methacrylate, 226.5 parts each of Cg.-,-, methacrylate and C 12 _-, 5 methacrylate, 114.8 parts C 16 . 18 
methacrylate and 11.7 parts N-(3-(dimethylamino)propyl) methacrylamide in a staged addition process. Details of the 
preparation of these and related polymers are found in European Patent Application 750,031, published December 
27, 1996. 

55 [0035] The copolymers described above typically have a weight average molecular weight (Iv^) of 1 0,000 to 500 : 000, 
more often 30,000 to 250,000, frequently 20,000 to 100,000 and polydispersity values (M^MJ of 1.2 to 5. Molecular 
weights of polymers are determined using well-known methods described in the literature. 

[0036] The copolymers can be prepared in the presence of a diluent. A diluent can also be added to a substantially 
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diluent-free copolymer, usually by dissolving or dispersing the substantially diluent-free polymer in an appropriate dilu- 
ent. In another embodiment, an additional diluent, often a higher boiling diluent such as an oil. may be added to a 
copolymer which was prepared in, and still contains, a lower boiling diluent which is then removed by common methods 
such as dist. lation. In one embodiment, the diluent is a mineral oil. In a preferred embodiment the mineral oil consists 
essentially of hydrotreated naphthenic oil. Also contemplated are hydrodewaxed mineral oils. The diluent may also be 
a synthetic oil. Common synthetic oils are ester type oils, polyolefin oligomers or alkylated benzenes 
[0037] The diluent-containing copolymers of this invention are referred to herein as additive concentrates Such 
additive concentrates are then added, along with other desirable performance-improving additives, to an oil of lubri- 
cating viscosity to prepare the finished lubricant composition. The additive concentrates preferably comprise 25% to 

to esXTw oKeT Preferab ' y 35% ,0 B5% by wei9ht - and 1 ° % to 75% by weiQht of diluent " pre,erab * 15% 

K Alth ° U9h dfe Pf san u l visc °sity modifiers based on polymethacrylates are preferred for the present invention 
the VM can be any of the above mentioned VMs provided they exhibit sufficient shear stability. When the VM is for- 
t^ITh T C °™ po f on of the P resent invention ^d the composition is subjected to the aforedescribed 20 hour 
Tapered Bearing Shear Test, the reduction in viscosity at 100°C is less than 20%, and preferably less than 10% In 
certain favorable case the reduction may be less than 5%. 

[0039] The amount of the viscosity modifier which is employed is an amount suitable to provide the desired viscosity 

iritrr 0 ^ 

K2T^ ^ 2 ,0 20 PerCSnt by Wei9ht ' and more pre,erab| y 5 to 1 5 P ercent «* weight 

[0040] The composition of the present invention further contains a defined amount of an overbased metal salt also 

2t^a 8 nSS; ? V6rbaSed ?r alS 9enera,,y Sin9 ' e Ph3Se ' h0m °9— "-Ionian systems ch r- 
o th, mil h 1 T, SXCeSS a ' WhiCh W ° Uld be pr6Sent f ° r neut ^lization according to the stoichiometry 
of the metal and the particular acidic organic compound reacted with the metal. The overbased materials are mos^ 

ZTZlZTt ^ 3n addiC materia ' an in ° r9aniC acid 0r lower carboxylio acid pr "erabty 

carbon diox.de) with a mixture comprising an acidic organic compound, a reaction medium comprising at least one 

of a metal base, and a promoter such as a phenol or alcohol. The detergent component of the present additive mixture 

Z£ ° r K m0re , ° f n ° n - bora,ed overbased alkali ™™ or alkaline earth metal salts of a sulfona e phenate 

salicylate, carbonate, or phosphorus-containing acid, or mixtures thereof P 

S n SUl, ° na1e , Ml ? ,h ° Se haVin9 3 substan,ial| y ole °P hili c character and which are formed form organic ma- 
8 * ° o r n 9 ! mC SU ^ na 65 are We " to™ materials «" lubricant and detergent arts. The sulfonate compound sho Jd 

Ian * • , Carboxylates should have * substantially oleophilic character. While the carbon atoms 

thai pnp h«K h ? 'T^ ? COnfi 9 uration - * is Purred that alkylated aromatics be used. While naph 

XoT b ff ™ ten f ls can be us ^. the preferred aromatic materials are based on benzene 
[0042] A highly preferred composition is a monosulfonated alkylated benzene, preferably the monoalkylated ben- 

blvJn fnl 5 3 kW "T ? Q fraC,i0PS are ° b,ained fr0m Sti " bottom sources and am mono- or di-alky a ed It is 
beheved that the mono-alkylated aromatics are superior in overall properties ^.aieo. 

SSSL l ! M deS,rab,e 1? 3 miXtUfe °' mon °- alk y ,at ed aromatics be used to obtain the mono-alkylated salt (benzene 
sulfonate). Mixtures ,n which a substantia, portion of the composition contains polymers of propyine^K^ri 
he alkyl groups assist ,n the solubility of the salt in the transmission fluids of the present invention The use o^one 

[0044] The detergent is referred to as "overbased." By overbasing, it is meant that a stoichiometric excess of the 

X 3 or T? ^ ,h8t reqU ' red t0 neU,ra,iZe ,he anion of the sa,t - The excess metal from overbasS has le 
effect o neutralizing acids which may build up in the lubricant. Another important advantages is that me ove*ased 

preferably 2.1 to30.1, and most preferably 4:1 to 25:1. The metal ratio is the ratio of metal ions, on an equivalent basis 
to the anionic portion of the overbased material. ^quivaieni Dasis, 

[0045] Preferably the overbased material is in the form of a metal salt where the metal is selected from orour II of 
the periodic table of elements. Preferably it is a calcium or magnesium salt 9 F 

th^ tow moT^S'' the h ° f Verbased ma,erial is a carbonated material. Carbonated overbased materials are those which 
the low molecular weight acdic material whbh is preferably used in the formation of the material is carbon diox^ 
The preparation of overbased materials, including carbonated overbased materials, is well known and i descdoTd fn 
numerous United States patents including, for example, U.S. 3,766,067, McMillen ' 

SSL sal5ate bly *" ma,6ria ' " 3 Ca * 0natod ° VerbaS6d C3,Cium Sul,ona,e or a carb ^ d overbased 

[0048] The overbased materia, can be borated or non-borated. Borated overbased materials and their preparation 



6 



EP0 987 311 A2 



are well known and are described in greater detail in European Patent Application 753,564, published January 1 5, 1 997. 
[0049] The amount of the overbased metal salt in the composition is an amount to contribute 0.5 or 1 to 10 Total 
Base Number, preferably 4 to 8 TBN, and more preferably 4 to 7 TBN to the composition. Total base number is the 
amount of acid (perchloric or hydrochloric) needed to neutralize all the basicity of a material. The amount of acid is 
5 expressed as potassium hydroxide equivalents. Total base number is normally determined by titration of one gram of 
material with 0.1 Normal hydrochloric acid solution using bromophenol blue as an indicator. 

[0050] The suitable overbased materials themselves preferably have a total base number of 50 to 550, more pref- 
erably 100 to 450, on an oil free basis. That is, an overbased composition which contains 40% diluent oil and has a 
TBN of 200 will have a TBN of 333 on an oil-free basis, that is, when corrected by dividing by 0.6 to account for the 

70 inert oil. Similarly, an overbased material having a TBN of 250 (oil free basis) will contribute 5 TBN to the composition 
of the present invention if 20 g (oil free basis) are added to prepare 1000 g of final composition. Accordingly, the amount 
of overbased material which will be used in a given composition will depend in part on the extent of overbasing, that 
is, the TBN, of the overbased material. The appropriate amounts can be readily calculated by those skilled in the art. 
For many common overbased materials, the total amount will be approximately in the range of 0.2 to 1 .5 percent by 

75 weight (oil free basis), preferably 0.4 to 1 percent by weight. 

[0051] Another component of the present invention is a phosphorus compound. Most phosphorus compounds impart 
a measure of anti-wear performance to the composition. 

[0052] The phosphorus compound of the present invention can be a phosphorus acid or ester of the formula (R 1 X) 
(R 2 X)P(X) n X m R 3 or a salt thereof, where each X is independently an oxygen atom or a sulfur atom, n is 0 or 1 , m is 0 

20 or 1 , m+n is 1 or 2, and R 1 , R 2 , and R 3 are hydrogen or hydrocarbyl groups. Preferably at least one of R 1 , R 2 , and R 3 
is a hydrocarbyl group, and preferably at least one is hydrogen. This component thus includes phosphorous and phos- 
phoric acids, thiophosphorous and thiophosphoric acids, phosphite esters, phosphate esters, and thiophosphite and 
thiophosphate esters. The esters can be mono-, di- or trihydrocarbyl esters. It is noted that certain of these materials 
can exist in tautomeric forms, and that all such tautomers are intended to be encompassed by the above formula and 

2$ included within the present invention. For example, phosphorous acid and certain phosphite esters can be written in 
at least two ways: 



30 



35 



40 



45 



0 . OH 

I^O-P-H and . R*CM> 

R 2 0 R 2 0 

differing merely by the placement of the hydrogen. Each of these structures are intended to be encompassed by the 
present invention. 

[0053] The phosphorus-containing acids can be at least one phosphate, phosphonate, phosphinate or phosphine 
oxide. These pentavalent phosphorus derivatives can be represented by the formula 

R'O 
I 

R 2 0-P=0 • 

.■ I" 
. R 3 0 



wherein R 1 , R 2 and R 3 are independently hydrocarbyl groups, or hydrogen and a, b and c are independently zero or 
50 1 . The phosphorus-containing acid can be at least one phosphite, phosphonite, phosphinite or phosphine. These tri- 
valent phosphorus derivatives can be represented by the formula 
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R'O 

R 2 0-P 

• 'I. 
R J 0 



soluble in the reach, M „ Ge ™ " If™*" ™ S ' "* Sumcienl 10 '«<"' 

embodiment at leas, , 2, art in on* ^^2Zt"^s^°" T in " ' * M " '» 31 leasl * «■ *> « 
R', R 2 and R 3 that is raqttirad. but a oraofaTuo™ S t. 11 ™ "° " m " 10 * e ,0,al 01 «"*»• Moms in 

R> in oaoh ot the above , lormula ,m "SnX TV 2 °! 500 ° a *° n aloms ' ln ° ne ^foaiment, Ri Ft* a „d 
» 50 carbon atoms, or , ,„ " TT 1 10 100 carbon atoms, or " 



[0055] 



(R i o)(R 2 o)P(x )n x m R3, and more pr j*; ^; x f x ove H in r are oxygen ' so ,hat ,he struct - »° 

phosphoric acid when Ri, R2, and R3 are hydroqen Phosoho S h Can corres P ond . for example, to 

equiva.ent .hereto such as pyrophosphoSand ^^TpSSS ? M 

(aqueous), which is the commonly available commerc^frna^L^T I ' ,nClUdin9 85% Ph ° Sphoric acid 
or dalkyl hydrogen phosphite (a phosphite esterivS S „Sk 2 C9n a ' S ° corres P°nd to a mono- 

hydrogen or a trialkyl phosphite ester whJ .each of t-TlS °l * are a,kvl - ^lively and R3 is 

the remaining X is O. The structure will ™™. " L ' ! - " a ' kyl; In 6ach case n is zero, m is 1 anH 
for example, it can be a phosphate ^^^^^^ iT?' ^ m are each 1 = 
Si" r a p h d tW °' " thrSe °' Rs ' R - and R a -» alky-'. Ipec S m ° n0th,0ph0Sphate **• - - the X atoms 

^J^^'^S^^Z ~r 8 * ™ — - thio- 

sulfur or other sulfur sources. Processes for SSEftE^T*"-? Ph ° SPh ° mS C ° mp ° Unds wi,h ^'emental 
Vol. 5, pages 110-11.! gZIZ^TZ^ " * * W '"^anicR^ 

ssrrs rsHsr - -* ^ss ss:: 8 carbon a,oms - ,n a — 

Examp.es of some P^dlon^ ^ ^ ta «™-« a'cohols. 

alcohols marketed by Continental Oil bfcpoJElS 810 is L mS, Commercia "y available Alfol™ 

s raight-chain primary alcohois having from 8 » lotion a^ Z^T™* Min * esse ^ of 

alcohols. Alfol™12l8 is a mixture of synthetic olanTsLlT h , $ 3 m,XtUre com P risi ng mostly C 12 fatty 
AIOP-2D+ alcohols are mostly, on an ateoho ba Tc 2 **** 12 t0 18 carbon atoms 2 The 

A.fo. TM22+ a,coho.sareC 18 . 2 ;primaryalcoh^ b ^^ 

can contain a fairly large percentage (up to 40% by 12 paraffin , '> a ' C ° h0lS - Th6Se Alfol ™ a 'cohols 

reaction if desired. V We ' 9h,) of P ar affmic compounds which can be removed before the 

320 comprises predominantfy ol^y, S hoi T*he Ado^aSf °'' "? at> ° Ut 8% °' 0,8 a " d C ^ ^ 
[0060] A variety of mixtures of monohyd ric 'tern ^alcoho t n 7, mMed by Ash ' and Chemica '- 

of fatty alcohols containing mainly 12, 14, 16, or iJS^SL S miXtUrSS C ° ntain V8ri ° US a ™'nts 

-Co.Porexamp.e.^S'r:^^ 
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alcohols, and Neodol™ 45 is a mixture of C 14 and C 15 linear alcohols. Neodol™ 91 is amixture of C 9 , C 10> and C n 
alcohols. 

[0062] Other alcohols which can be used are lower molecular weight alcohols such as methanol/ethanol, propanol, 
isopropanol, normal butanol, isobutanol, tert-butanol, the pentanols, hexanols, heptanols, octanols (including 2-ethyl 

5 hexanol), nonanols, decanols, and mixtures thereof. 

[0063] The dihydrocarbyl hydrogen phosphites of this invention can be prepared by techniques-well known in the 
art, and many such phosphites are available commercially. In one method of preparation, a lower molecular weight 
dialkylphosphite (e.g., dimethyl) is reacted with alcohols comprising a straight-chain alcohol, a branched-chain alcohol, 
or mixtures thereof. As noted above, each of the two types of alcohols may themselves comprise mixtures. Thus, the 

10 straight-chain alcohol can comprise a mixture of straight-chain alcohols and the branched-chain alcohol can comprise 
a mixture of branched-chain alcohols. The higher molecular weight alcohols replace the methyl groups in a manner 
analogous to classic transesterification, with the formation of methanol which is stripped from the mixture. In another 
embodiment, the branched-chain hydrocarbyl group can be introduced into a dialkylphosphite be reacting the low 
molecular weight dialkylphosphite such as dimethylphosphite with a more sterically hindered branched-chain alcohol 

15 such as neopentyl alcohol (2, 2-dimethy!-1 -propanol). In this reaction, one of the methyl groups is replaced by a neo- 
pentyl group and, perhaps because of this of the neopentyl group, the second methyl group is not displaced. Another 
neo alcohol having such utility is 2,2,4-trimethyl-1-pentanol. One preferred material is dibutyl hydrogen phosphite, 
which is commercially available from a variety of sources including Mobil Chemical Company. 
[0064] In one embodiment, the phosphorus-containing agent is a hydrocarbyl phosphate. The phosphate may be a 

20 mono-, di- or trihydrocarbyl phosphate. The hydrocarbyl groups each independently contain from 1 to 30 carbon atoms, 
preferably 1 to 24 carbon atoms, more preferably 1 to 12 carbon atoms. In a preferred embodiment, each hydrocarbyl 
is independently an alkyl or aryl group. When any group is an aryl group it contains from 6 to 24 carbon atoms, more 
preferably 6 to 18 carbon atoms. Examples of hydrocarbyl groups include a butyl, amyl, hexyl, octyl, oleyl or cresyU 
with octyl and cresyl being preferred. 

25 [0065] Hydrocarbyl phosphates can be prepared by reacting phosphorus acid or anhydride, preferably phosphorus 
pentoxide with an alcohol at a temperature of 30°C to 200°C, preferably 80°C to 150°C. The phosphorus acid is 
generally reacted with the alcohol in a ratio of about 1:3.5, preferably 1:3. 

[0066] The hydrocarbyl groups can be derived from a mixture of hydrocarbyl groups derived from alcohols, including 
commercially available alcohols, such as have been described in detail above. 

30 [0067] In another embodiment, the hydrocarbyl phosphate can be a hydrocarbyl thiophosphate. Thiophosphates 
may contain from one to three sulfur atoms, preferably one or two sulfur atoms. The thiophosphates may have the 
same hydrocarbyl group as described above. Thiophosphates are prepared by reacting one or more of the above- 
described phosphites with a sulfurizing agent including sulfur, sulfur halides, and sulfur containing compounds, such 
as sulfurized olefins, sulfurized fats : mercaptans and the like. 

35 [0068] In another embodiment, the phosphorus compound can be a phosphorus-containing amide. Phosphorus- 
containing amides are generally prepared by reacting one of the above-described phosphorus acids such as a phos- 
phoric, phosphonic, phosphinic, thiophosphoric, including dithiophosphoric as well as monothiophosphoric, thiophos- 
phinic or thiophosphonic acids with an unsaturated amide, such as an acrylamide. Preferably the phosphorus acid is 
a dithiophosphorus acid prepared by reacting a phosphorus sulfide with an alcohol or phenol to form dihydrocarbyl 

40 dithiophosphoric acid. The hydrocarbyl groups may be those described above for hydrocarbyl phosphates. 
[0069] In one embodiment, phosphorus-containing amide is represented by the formula: 



wherein each X' 1 , X' 2 , X' 3 , X' 4 and X' 5 is independently oxygen or sulfur; each R' 1 and FT 2 is independently a hydrocarbyl 
group; each R' 3 , R' 4 , R' 5 , R' 6 and R' 7 is independently a hydrogen, halogen of hydrocarbyl group; a and b independently 
55 are zero or 1 ; n is zero or 1 ; n' is 1 , 2 or 3; with the proviso that: (1 ) when n' is 1 , R' 8 is hydrogen, -R # , -ROH, -ROR, -RSR or 
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R* 



-R'-N-R* ;. 

(2) when n' is 2, R' 8 is a coupling group selected from -R'-, -R*-, -R'-O-R'-, -R'-S-R'-, 

O S H R» 

II II l | 

-R'-C-R'-, -R'-C-R'-, -R'-N-R'- or -R'-N-R'- ; 



and (3) when n' is 3, R« j s the coupling group 



-R'-N-R'- 



S 2! ht nT" 0 a ', nin9 materia ' S Ph ° SphiteS SUCh as tHPhenylphosphite and diphenylphosphite 
hydrogen sulfide is liberated during The reacfion 9 ' S C ° n ' P ' eted in 1 '° 1 0 hours ' and 
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lowing formulas: 



iPrO iPrO R 2 0 

I I I 

PSSH, PSSH, and PSSH 

R 2 0 iPrO R 2 0 

70 

It is preferred to select the amount of the two or more alcohols reacted with the P 2 S 5 to result in a mixture in which the 
predominating dithiophosphoric acid is the acid (or acids) containing one isopropyl group and one primary alkyl group. 
Relative amounts of the three phosphorodithioic acids in the statistical mixture is dependent, in part, on the relative 
amounts of the alcohols in the mixture, steric effects, and the like. 

*5 [0077] The preparation of the metal salt of the dithiophosphoric acids can be effected by reaction with the metal or 
metal oxide. Simply mixing and heating these two reactants is sufficient to cause the reaction to take place and the 
resulting product is sufficiently pure for the purposes of this invention. Typically the formation of the salt is carried out 
in the presence of a diluent such as an alcohol, water, or diluent oil. Neutral salts are prepared by reacting one equivalent 
of metal oxide or hydroxide with one equivalent of the acid. Basic metal salts are prepared by adding an excess of 

20 (more than one equivalent of) the metal oxide or hydroxide with one equivalent of phosphorodithioic acid. 

[0078] The metal salts of dihydrocarbyl dithiophosphoric acids which are useful in this invention include those salts 
containing Group II metals, aluminum, lead, tin, molybdenum, manganese, cobalt, and nickel. Zinc and copper are 
especially useful metals. Examples of metal compounds which may be reacted with the acid include silver oxide, silver 
carbonate, magnesium oxide, magnesium hydroxide, magnesium carbonate, magnesium ethylate, calcium oxide, cal- 

2S cium hydroxide, zinc oxide, zinc hydroxide, strontium oxide, strontium hydroxide, cadmium oxide, cadmium carbonate, 
barium oxide, barium hydrate, aluminum oxide, aluminum propylate, iron carbonate, copper hydroxide, lead oxide, tin 
butylate, cobalt oxide, and nickel hydroxide. 

[0079] The amount of the phosphorus-containing agent is at least 0.1 percent by weight based on the composition 
of the composition of the present invention, preferably 0.14 to 0.25 percent by weight. The preferred amount is that 
30 amount suitable to provide measurable antiwear protection to a transmission which is lubricated by the present fluid. 
Otherwise stated, a preferable amount is that which provides 0.005 to 0.05 weight percent phosphorus to the compo- 
sition. The preferred amount can be adjusted by the person skilled in the art to take into account the varying degrees 
of efficiency among phosphorus compounds in providing antiwear protection. 

[0080] The present invention further comprises a friction modifier component, which in turn comprises a combination 
35 of at least two friction modifiers. Friction modifiers are very well known in the art, and the number and types of com- 
pounds are voluminous. In general, friction modifiers include metal salts of fatty acids, fatty phosphites, fatty acid 
amides, fatty epoxides and borated derivatives thereof, fatty amines, glycerol esters and their borated derivatives, 
alkoxylated fatty amines (including ethoxylated fatty amines such as diethoxylated tallowamine) and their borated de- 
rivatives, sulfurized olefins, sulfurized polyolefins, sulfurized fats, and sulfurized fatty acids. 
40 [0081] For the present invention, at least one of the two or more friction modifiers must be selected from among the 
following materials: (a) zinc salts of fatty acids having at least 1 0 carbon atoms; (b) hydrocarbyl imidazolines containing 
at least 12 carbon atoms in the hydrocarbyl group, and (c) borated epoxides. The second and any additional friction 
modifiers may be selected from the same group, or they can be selected from friction modifiers generally, as listed, for 
example, in the preceding paragraph. If the one of the friction modifiers is a phosphorus-containing material (e.g., a 
45 fatty phosphite or phosphoric acid), it is intended that the same material can be counted as both a friction modifier and 
as a phosphorus-containing compound. The amount of any such phosphorus-containing friction modifier should be 
selected such that the requirements for the amount and performance of friction modifiers and the amount of phosphorus- 
containing compounds are simultaneously satisfied. 

[0082] Zinc salts of fatty acids are well known materials. Fatty acids are generally hydrocarbon -based carboxylic 
50 acids, both synthetic and naturally occurring, preferably aliphatic acids, although acids containing aromatic functionality 
are also included. Occasional heteroatom substitution can be permitted in the hydrocarbyl portion of the fatty acid, 
consistent with the definition of "hydrocarbyl," below. Preferably the acid contains 14 to 30 carbon atoms, more pref- 
erably 16-24 carbon atoms, and preferably about 18 carbon atoms. The acid can be straight chain (e.g. stearic) or 
branched (e.g., isostearic). The acid can be saturated-or it can contain olefinic unsaturation. A preferred acid is oleic 
55 acid, and the correspondingly preferred salt is zinc oleate, a commercially available material, the preparation of which 
is well known and is within the abilities of the person skilled in the art. 

[0083] The zinc salt can be a neutral salt, that is, in which one equivalent of zinc is reacted with one equivalent of 
acid such as oleic acid. Alternatively, the zinc salt can be a slightly. basic salt, in which one. equivalent of a zinc base 
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*2XTSI32ior than one equivalent of acid An example of such a material is a slightly "° ver - 2inc - ed> 

c 0 o 0 ndtL^ lkyl T bS,it K ted ! mida2olines are also we » kn °wn materials. They can generally be formed by the cyclic 
condensation of a carboxyhc acd with a 1 ,2 diaminoethane compound. They generally have the structure 



^N-CH 2 
R-C | 
1M-CH, 



R' 



groups' 3 ^ alky ' 9r ° UP R ' ^ 3 hydr ° Carb y' 9 rou P or a substHu1ed hydrocarby. group, including -(CH 2 CH 2 NH) n - 

[0085] Among the numerous suitable carboxylic acids useful in preparing the imidazoline are oleic- acid stearic aciri 
isostearic acd, tall oi, acids, and other acids derived from natural and synthetic sources. sJSS^SJJSSS 
ac.ds are those contam.ng 12 to 24 carbon atoms including the 18 carbon acids such as oleic Im ZTbsZToS 

irilT * diamin ° e,hane COm P° unds are of the genera, structure FH^^E^ 

a hydrocarbyl group or a substituted hydrocarbyl group (e.g.. hydroxy hydrocarbyl, aminohydroUbyh A preferVed 
diamine is N-hydroxyethyl-1 ,2-diaminoethane, HOC 2 H 4 NHC 2 H 4 NH 2 yarocaroyi). a preferred 

S a P T'T alk y'- substitu,ed imidazoline is 1 -hydroxyethyl-2-heptadecenyl imidazoline 

4^B?11S Tn?I T ti0n m ° difier inC ' UdeS b ° ra,ed epOXides ^ wnich are descri bed in detail in U S Pat No 

„ ' 15 '. a nd are 9enera "y pre P ared b V acting an epoxide, preferably a hydrocarbyl epoxide with boric acid or 
boron tnoxide.Theepox.de can be expressed by the general formula 



A 

R-C^— <p-R 
R R 



ATOCHFM or i in,™ ro^iH, ^ f I mi * tures of c i4-ie or C 14 . 18 epoxides, which can be purchased from ELF- 
™ ? u 6 Wh ' Ch Can be prepared from ,ne corresponding olefins by known methods Purified 

5r; i a rSc'r r 9 r t compo,Jn<, and ,he 9p ° xi * - 
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0.04 to 0.1 5 percent, and more preferably 0.05 1o 0.09 percent. Preferably one friction modifier is zinc oleate or alkyl- 
substituted imidazoline, and is present in an amount of 0.05 to 0.09 weight percent of the composition. Alternatively, 
preferably one friction modifier is a borated epoxide of a predominantly 16-carbon olefin, present in an amount of 0.1 
to 0.22 percent by weight of the composition. Preferably the amount of a second friction modifier is 0.05 to 0.1 weight 

5 percent of the composition. 

[0088] The total amount of the friction modifiers (of all types) is limited to those amounts which provide a metal-to- 
metal coefficient of friction of at least 0. 1 20 as measured at 1 1 0°C by ASTM-G-77, using the composition as a lubricant, 
since such minimum friction is important for the presently contemplated application, that is, fluids suitable for continu- 
ously variable transmissions. Preferably the amount of friction modifiers is sufficient to provide a coefficient of friction 

10 of 0. 1 25 to 0. 1 45, and more preferably about 0. 1 35. 

[0089] The composition of the present invention can be supplied as a fully formulated lubricant or functional fluid, or 
it can be supplied as a concentrate. In a concentrate, the relative amounts of the various components will generally 
be about the same as in the fully formulated composition, except that the amount of oil of lubricating viscosity will be 
decreased by an appropriate amount. The absolute percentage amounts of the remaining components will be corre- 

1S spondingly increased. Thus, when the concentrate is added to an appropriate amount of oil, the final formulation of 
the present invention will be obtained. 

[0090] Therefore, expressed in one way, one embodiment of such a concentrate will comprise: 

(a) a concentrate-forming amount of an oil of lubricating viscosity (which will typically be 1 0 to 50 percent by weight 
20 of the concentrate); 

(b) a shear stable viscosity modifier in an amount which, upon dilution of the concentrate by addition to oil to form 
an automatic transmission fluid, modifies the viscosity of the resulting fluid; 

(c) an overbased metal salt in an amount of at least 0.2 percent by weight, which amount, upon said dilution, 
contributes 0.1 or 1 to 10 Total Base Number to said automatic transmission fluid; 

25 (d) at least 0.2 percent by weight of at least one phosphorus compound; and 

(e) at least 0.2 percent by weight of a combination of at least two friction modifiers, at least one of said friction 
modifiers being selected from the group consisting of zinc salts of fatty acids having at least 10 carbon atoms, 
hydrocarbyl imidazolines containing at least 1 2 carbon atoms in the hydrocarbyl group, and borated epoxides; the 
amount of the friction modifier from said group being at least 0.06 percent by weight of the concentrate; 



30 



35 



provided that the total amount of the friction modifiers is limited to those amounts which provide a metal-to-metal 
coefficient of friction, upon said dilution of the concentrate, of at least about 0. 1 20 as measured at 110°C by ASTM-G-77. 
[0091] Expressed in another way, the components of the present invention, whether in a concentrate or in a fully 
formulated fluid, will in one embodiment be: 



(a) an oil of lubricating viscosity; 

(b) 2 to 0 parts by weight of a shear stable viscosity modifier; 

(c) 0.2 to 1 .5 parts by weight of an overbased metal salt; 

(d) 0.14 to 0.25 parts by weight of at least one phosphorus compound; and 

40 (e) 0. 1 5 to 0.3 parts by weight of a combination of at least two friction modifiers, at least one of said friction modifiers 

being selected from the group consisting of zinc salts of fatty acids having at least 10 carbon atoms, hydrocarbyl 
imidazolines containing at least 12 carbon atoms in the hydrocarbyl group, and borated epoxides; the amount of 
the friction modifier from said group being at least 0.03 parts by weight. 

45 [0092] Thus, in a fully formulated composition, the amount of the oil of lubricating viscosity will be as set forth above, 
or 50 to 95 parts by weight. In a concentrate, similarly, the amount of the oil of lubricating viscosity will be 10 to 50 
parts by weight or other intermediate values that may be appropriate. Other amounts of the various components may 
be independently selected from a consideration of the broad, preferred, and most preferred percent ranges of such 
components set forth above. An exhaustive listing of such combinations on a parts-by-weight basis is not recited herein 

so for the sake of brevity; however, such combinations can well be determined by the person skilled in the art seeking to 
prepare a concentrate. 

[0093] Other materials can be included in the compositions of the present invention, provided that they are not in- 
compatible with the aforementioned required components or specifications (such as the coefficient of friction require- 
ment). Such optional materials include dispersants (sometimes referred to as "ashless dispersants"), which may be 
55 included, for instance, in amounts of up to 10 weight percent on an oil free basis. Examples of dispersants include 
carboxylic dispersants, which can be the reaction product of carboxylic acylating agents with nitrogen- or hydroxy- 
containing compounds; amine dispersants; Mannich dispersants, post -treated dispersants, and polymeric dispersants. 
Other optional materials include antioxidants, including hindered phenolic antioxidants, secondary aromatic amine 
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o™*^ C ~- P^orus-con t aining antioxidants, 

isodecyl sulfolane which ^S^to^Z^T^ components include seal swell compositions, such as 
alkylnaphthalenes X^^^Z^^ ,° P f rmiSsib,e are ?™ P°W depressants, such as 
mere. These optional ^^^J^ZS the si fat T'T"" ^ Styr6ne/malea ' e «*<*- 
described in greater detail in oublished FZnLn p! t a ' are 9enera,ly commerci a»y available, and are 

dyes, fluidizing agents, anL P nS a^ 

jop ^.hydroxy, WCST^tt^^*^*"- 

rrs ^a; n r"r c r h ■ whi,e havins a pr — y hy — — - - 

eroatoms include Sur Cgen ntoo^n and ™ ' °L ^ C ° mp ° Sed °» Carbon atoms - Het- 

general, no more than wo pSerS no ™« ZT* 8Ub ? t '; ente as "•«*■ and imidazolyl. In 

ten carbon aloms in the S^^^ZSS^^ *" ^ PreSent * ^ 

carbyl group. WPicany, there will be no non-hydrocarbon substituents in the hydro- 

'Xio^ * -d greases useful in industrial 

applications including cnwte^SS^ZSSI , T% ^ com P ositions ar * «e in a variety of 
including automoone^ 

gines, andthelike. Also, automat! trLnsm tetenlwtT ™ aU ° np,ston en V™ s > ™rine and low-load diesel en- 
me,a,wor k ing lubricants, hydraulic f ^ 

poration of the compositions of this invention Th J Z ? 9 compositions can benefit from the incor- 

transmission fluids, partic^^ f ' UidS 3re <> articL " arl V Active as automatic 
traction drive transmissions continuously variable transm,ss,ons, including push-belt type and toroidal 

^^;;^:~^^^^r inte r in ,he finai • - « - 

e.g., a detergent, can migrate to oX^aclfoXTnZ , , ** For instance ' ms,al **» (<* 



EXAMPLES 
[0097] 



Example 1 : A mixture of: 

100 parts by weight oil of lubricating viscosity (natural + synthetic) 
5.0 parts shear stable dispersant viscosity modifier 

02 Znl dllrH^ SU ' f0na,e ' inC ' Udin9 13 P arts diluent <* TBIM) 
u.^ parts dibutyl hydrogen phosphite ; 

0.05 parts zinc dithiophosphate 

0.08 parts zinc oleate 

0.14 parts ethoxylated fatty amine 

oi zi :zzT a,M poiyam,ne dipe,san ' and ^°™> «— w«h CS! 

0.3 parts seal swell agent 
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420 ppm antifoam agents 
2.4 parts additional diluent oil (from various of the above components) Coefficient of Friction: 0. 1 31 

Example 2: a mixture of 

5 

100 parts oil of lubricating viscosity 

7.4 parts shear stable dispersant viscosity modifier 

0.84 parts overbased calcium sulfonate, including 0.42 parts diluent oil (13 TBN) 

0.40 parts overbased calcium salicylate, including 0.16 parts diluent oil (165 TBN) 
10 0.15 parts dibutyl hydrogen phosphite 

0.08 parts alkyl hydrogen phosphite 

0.04 parts phosphoric acid (85%) 

0.2 parts borated alpha olefin epoxide 

0.02 parts ethoxylated fatty amine 
75 2.0 parts amine dispersants; mixture of borated, non-reacted, and species reacted with CS 2 

0.9 parts antioxidants 

0.6 parts seal swell agent 

0.03 parts corrosion inhibitor 

0.025 parts dye 
20 460 ppm antifoam agents 

3.8 parts additional diluent oils (from above components) Coefficient of friction: 0.133 

Example 3: Example 2 is substantially repeated except in place of the ethoxylated fatty amine, there is included 
an equivalent amount of 1-hydroxyethyl-2-heptadecenyl imidazoline friction modifier. 



25 



30 



Example 4: Example 2 is substantially repeated except there is added, in addition, 0.3 parts overbased calcium 
sulfonate, (300 TBN). Coefficient of friction: 0.1 30. 

Example 5: a mixture of 



100 parts oil of lubricating viscosity 

4.6 parts shear stable dispersant viscosity modifier 

0.84 parts overbased calcium sulfonate, including 0.42 parts diluent oil (1 3 TBN) 
0.3 parts overbased calcium sulfonate, including 0.1 part diluent oil (300 TBN) 
35 0.15 parts dibutyl hydrogen phosphite 

0.03 parts phosphoric acid, 85% 
0.2 parts borated alpha olefin epoxide 

0.2 parts ethoxylated fatty amine 2.0 parts amine dispersants, mixture of borated, non-reacted, and species 
reacted with CS 2 
40 0.9 parts antioxidants 

0.33 parts seal swell agent 

430 ppm antifoam'agents 
5.1 parts additional diluent oil (from various of the above) Coefficient of Friction : 0.129 

45 Example 6: a mixture of 

100 parts oil of lubricating viscosity 
5.0 parts shear stable dispersant viscosity modifier 
0.6 parts overbased calcium alkylaromatic sulfonate (150 TBN) 
50 0.2 parts dihexyl hydrogen phosphite 

0.2 parts borated alpha olefin epoxide 
0.02 parts ethoxylated fatty amine 
0.5 parts Mannich dispersant. 

55 Example 7: a mixture of 

100 parts oil of lubricating viscosity • 
5.8 parts shear stable viscosity modifier 
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I '« ° V u 6rbased caIcium sulfonate, including 1.65 parts diluent oil (100 TBN) 

0.15 parts dibutyl hydrogen phosphite 

0.06 parts zinc dithiophosphate 

0.126 parts ethoxylated fatty amine 

0.06 parts 1-hydroxyethyl-2-heptadecenyl imidazoline 

0.9 HZ anSa 0 nts 0rated P °' yamine diSP8rSant *" P ° ,yamine diSperS3nt re3Cted with CS * 
0.3 parts seal swell agent 

2.1 parts addrtional diluent oil (from various of the above components) Coefficient of Friction: 0.133 
Example 8: a mixture of 

100 parts oil of lubricating viscosity 

5 parts shear stable dispersant viscosity modifier 

T^t 6 d CaldUm SU ' f0nate ' inc,Udln 9 0 7 P arts diluent oil (1 00 TBN) 
0.03 parts phosphoric acid (85%) ; 

0.2 parts diphenyl hydrogen phosphite 

1 .0 parts suit urized triphenylphosphite 
0.1 parts borated alpha olefin epoxide 
0.05 parts ethoxylated fatty amine 

0.1 parts corrosion inhibitors 
0.9 parts antioxidants 

" Zt S"iT " b " a ' 9d ' n ° n " ,9aa,,<, ' and !PKtes — ■* cs * 

420 ppm antifoam agents 

2.1 parts additional diluent oil (from various of the above) Coefficient of friction: 0.135 

Example 9. Example 1 is substantially repeated excent that the. 1 p narto ™»,k , 

is replaced with 0.57 parts overbased calcium .SStoS! TBnS Z T T TBN) 
(1 3 TBN). The coefficient of friction is 0. 1 33 ( ' 34 PartS ° V6rbased calcium sulfonate 

^^^^^^^z ept tha : ,h , e r parts zinc ° ,eate IS Wrth ".06 

The coefficient of friction! ?0 U26 I °' eth ° Xy ' ated ' atty amine is reduced to 0.10 parts. 

2-heptadeceny, im^ (3 °° TBN > a " d 0 04 ^ ' 

Su^^ ™ **■ hydrogen phosphite is 0.2 parts, 

TBN) and 0. 1 parts Ly, — " 0« 

Tlh™^ " — Except in the Examples, or 

conditions, mo.ecu.ar weights, number Tca^^ 

"about." Unless otherwise indicated earh .hcmJ „ e underst00d as modified by the word 

a commercial grade malerit^^^^^;^ * ^ Sh ° U ' d be in,er P re,ed as bei "9 
are normally understood to be presentee coleZ o H ' T"*™*' ^ SUCh ma,erials which 
presented exclusive of any solvent or dlen, dl which mLv h ? ' *" amOUn, °' 6aCh Chemical com P° nent * 
otherwise indicated. It is tobe understoodthlt le loo^ ^ ^ Cmc,ai mate ' ial ' ^ 

be independently combined. As us d her To ^t^T "** ™* "* ,0rth ^ ™* 

-noes which do not materially affect the ^JZZXLZSS. SS^^Sr 



Claims 

1 - A composition comprising: 
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(a) a major amount of an oil of lubricating viscosity; 

(b) a viscosity modifying amount of a shear stable viscosity modifier; 

(c) at least about 0.1 percent by weight of an overbased metal salt, wherein said overbased salt contributes 
about 0.5 to about 10 Total Base Number to the composition; 

5 (d) at least about 0.1 percent by weight of at least one phosphorus compound; and 

(e) about 0.1 to 0.45 percent by weight of a combination of at least two friction modifiers, at least one of said 
friction modifiers being selected from the group consisting of zinc salts of fatty acids having at least 10 carbon 
atoms, hydrocarbyl imidazolines containing at least 12 carbon atoms in the hydrocarbyl group, and borated 
epoxides; the amount of the f.iction modifier from said group being at least about 0.03 percent by weight of 

10 the composition; 

provided that the total amount of the friction modifiers is limited to those amounts which provide a metal-to- 
metal coefficient of friction of at least about 0.120 as measured at 110°C by ASTM-G-77, using the composition 
as a lubricant. 

15 

2. The composition of claim 1 wherein the combination of oil of lubricating viscosity and the shear stable viscosity 
index improver is selected so as to provide a Brookfield viscosity at -40°C of less than about 20,000 cP, an initial 
kinematic viscosity of about 7 to about 8 cSt at 100°C ( and a kinematic viscosity when measured after a 20 hour 
Tapered Bearing Shear Test of not less than 6.5 cSt at 100°C. 

20 

3. The composition of claim 1 or claim 2 wherein the viscosity modifier is an acrylate- or methacry late-containing 
polymer or a copolymer of styrene and an ester of an unsaturated carboxylic acid. 

4. The composition of any preceding claim wherein the overbased metal salt is an overbased group II metal salt. 

25 

5. The composition of claim 4 wherein the overbased group II metal salt is carbonated.or borated. 

6. The composition of claim 4 wherein the overbased group It metal salt comprises a composition of an overbased 
calcium sulfonate in an oil medium and has a Total Base Number of about 50 to about 550, calculated on an oil- 

30 free basis. 

7. The composition of any preceding claim wherein the phosphorus compound is a dialkyl hydrogen phosphite. 

8. The composition of any preceding claim wherein the combination of friction modifiers includes at least one friction 
35 modifier selected from the group consisting of zinc oleates, aikyl-substituted imidazolines, and borated epoxides. 

9. The composition of any preceding claim wherein one of the friction modifiers is an ethoxylated fatty amine. 

10. The composition of any preceding claim wherein the amount of friction modifiers is suitable to provide a coefficient 
40 of friction of 0.125 to 0.145 as measured at 110°C by ASTM-G-77. 

11 . A method for lubricating a continuously variable transmission comprising supplying thereto the composition of an y 
preceding claim. 

45 12. A composition comprising: 

(a) an oil of lubricating viscosity; 

(b) about 2 to about 20 parts by weight of a shear stable viscosity modifier; 

(c) about 0.2 to about 1 .5 parts by weight of an overbased metal salt; 

50 (d) about 0.14 to about 0.25. parts by weight of at least one phosphorus compound; and 

(e) about 0.15 to about 0.3 parts by weight of a combination of at least two friction modifiers, at least one of 
said friction modifiers being selected from the group consisting of zinc salts of fatty acids having at least 10 
carbon atoms, hydrocarbyl imidazolines containing at least 12 carbon atoms in the hydrocarbyl group, and 
borated epoxides; the amount of the friction modifier from said group being at least about 0.03 parts by weight. 

55 

13. A concentrate, capable of being diluted by addition of an oil of lubricating viscosity to form a composition suitable 
for use as an automatic transmission fluid, said concentrate comprising: 
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(a) a concentrate-forming amount of an oil of lubricating viscosity; 

(b) a shear stable viscosity modifier in an amount which, upon said dilution, modifies the viscosity of said 
automatic transmission fluid; 

(c) an overbased metal sail in an amount of at least about 0.2 percent by weight, which amount, upon said 
dilution, contributes about 0.5 to about 10 Total Base Number to said automatic transmission fluid; 

(d) at least about 0.2 percent by weight of at least one phosphorus compound; and 

(e) at least about 0.2 percent by weight of a combination of at least two friction modifiers, at least one of said 
friction modifiers being selected from the group consisting of zinc salts of fatty acids having at least 10 carbon 
atoms, hydrocarbyl imidazolines containing at least 12 carbon atoms in the hydrocarbyl group, and borated 
epoxides; the amount of the friction modifier from said group being at least about 0.06 percent by weight of 
the concentrate; 

provided that the total amount of the friction modifiers is limited to those amounts which provide a metal-to- 
metal coefficient of friction, upon said dilution of the concentrate, of at least about 0. 1 20 as measured at 11 0°C by 
ASTM-G-77. 
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(57) A composition comprising of an oil of lubricating 
viscosity ;a shear stable viscosity modifier; at least 0.1 
percent by weight of an overbased metai salt; at least 
0.1 percent by weight of at least one phosphorus com- 
pound; and 0.1 to 0.25 percent by weight of a combina- 
tion of at least two friction modifiers provides an im- 
proved fluid for continuously variable transmissions. At 



least one of the friction modifiers is selected from the 
group consisting of zinc salts of fatty acids having at 
least 10 carbon atoms, hydrocarbyl imidazolines con- 
taining at least 12 carbon atoms in the hydrocarbyl 
group, and borated epoxides. The total amount of the 
friction modifiers is limited to those amounts which pro- 
vide a metal-to-metal coefficient of friction of at least 
about 0.120 as measured at 110°C by ASTM-G-77. 
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